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4.  Statement of the problem studied
Blending two or more polymers optimizes properties of plastics and elastomers. Most
blends are immiscible, thus control of their multiphase microstructure is key to property
optimization. This microstructure is typically generated by melt mixing. An important
class of microstructures is lamellar, which can provide excellent control of polymer
permeability.  For example, they can provide toxic organic vapors barriers yet transmit
water vapor, be produced economically, and provide increased resistance to mechanical
impact; however, the methods to create and stabilize lamellar blends are not well
understood. Research performed under this Army Research Office grant studied how
drops deform to create lamellar microstructures. Drops were deformed in shear flow and
analyzed by finite element methods.

5.  Summary of the most important results
The key to creating lamella during melt blending is understanding transient deformation
of viscous and viscoelastic drops. In this research we sheared polymer drops to very large
deformation and measured their transient dimensions. We found that due to their high
viscosity, the viscous stresses in polymer drops are much higher than surface stresses so
the drops deform affinely into large, flat ellipsoids (see references:  6a.4, 6a.6, 6d.1). But
at strains of ~4, curvature at the drop edges becomes high enough to cause drop width to
retract. At strains >10, curvature at the tips become high enough to begin to cause
retraction in the flow direction.

Adding block copolymer resulted in larger drop deformation, especially for when the
viscosity and elasticity of the drop was lower than the matrix.  By fluorescent labeling
and confocal microscopy, we found that diblock copolymers adsorbed on the surfaces of
the drops are convected to the edges of the drops where they can lower interfacial tension
(6d.1). This caused drops to deform further than without block copolymer and generate
larger lamellae.

At high stress, slip was observed between immiscible polymer surfaces. The slip appears
to be caused by reduced chain entanglement, which generates a thin low-viscosity region
in the interface. Block copolymer can eliminate this slip (6a.3, 6b.1-3).  To quantify
interfacial slip, a multilayer coextrusion line was built (6a.3). It was also used to produce
256 layer nylon rubber sheets with potential for ballistic applications (6b.5).

Drop deformation breakup and coalescence were modeled with new adaptive 3D finite
element methods (6a.1, 6a.2, 6b.4). Calculations compared well to experiments and gave
insight into the observation of drop widening for low-viscosity drops (6a.4). The effect of
block copolymer on interfacial tension was included in the model and able to predict the
role of block copolymer in suppressing coalescence (6d.2).  These adaptive 3D finite
element methods are powerful new tools for modelling two phase flows and
understanding how to create new microstructured materials.
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